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Indonesia is one of the largest spice-producing regions such as the Java Cardamom (Amomum 
compactum). The cardamom can be converted into derivative products in the form of cardamom essential 
oil. In this work, we attempted to extract the essential oil from the cardamom by comparing two methods 
of extraction which are the steam distillation and the simple distillation. The optimization factors 
considered on the extraction yield were solvent (ethyl acetate and n-hexane) and extraction time (3-6 h). 
The extraction yield obtained by both methods in ethyl acetate solvents was almost equal to that obtained 
in n-hexane. Also, the result obtained revealed that the extraction yield increased with time. The optimum 
essential oil yield was obtained by the simple distillation method in 6 hours duration time using n-hexane 
solvent giving the yield of 6.3 %. Gas Chromatography-Mass Spectrometry (GC-MS) was used to 
identify the chemical composition of the extracted oil. The results showed that the chemical composition 
of the essential oils is different in each extraction time. The main compounds in all oil samples were 
eucalyptol and camphene among four other constituents. The concentration of eucalyptol reached an 
optimum (90.89-93.74 %)  at 4-5 h of distillation times, while the concentration of camphene reached an 
optimum (52.98 %)  at 6 h. The purity of the essential oil was confirmed by Fourier Transform Infra-Red 
(FTIR). Moreover, this research will help to utilize the cardamom due to its main compounds that act as 
herbal medicine. 
 








For centuries, Indonesia has been prominent 
as one of the world’s spice producers. Clove, 
nutmeg, mace, cinnamon, and cardamom are a 
variety of spices grown in Indonesia. Amomum 
compactum or Java Cardamom is one of the main 
cardamom species dominated in Indonesia [1]. It 
is well-known for flavor, medicinal, fragrant, 
anti-inflammatory [2], anti-microbial [3], and 
antioxidant attributed to the presence of essential 
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oils. The extraction of essential oil from Java 
Cardamom has been reported by hydrodistillation 
[4], microwave-assisted hydrodistillation [4], and 
steam distillation methods. Some reports found that 
eucalyptol or 1,8 cineole [1], [5] is the main 
compound of the cardamom, while α-pinene, α-
terpineol, and humulene are also obtained in 
smaller doses. However, to the best of our 
knowledge, no studies have been reported in the 
literature about a comparative study of the oil 
composition from the Amomum compactum in 
different distillation times. Therefore, in this work, 
we extracted the essential oil by steam distillation 
technique at various times. Moreover, the work 
aims to find the effect of two methods which is 
steam distillation and simple distillation methods 
on the yield of essential oils. 
■ Experimental 
The cardamom used in this research is Java 
cardamom or Amomum compactum purchased 
from the local market of Jakarta, Indonesia. The 
cardamoms were dried, peeled, and grounded into a 
coarse powder. In distillation methods, n-hexane 
(Merck, ≥ 96%) and ethyl acetate (Merck, ≥ 99.5 
%) were used as solvents. 
The distillation experiment using 20 g of the 
cardamom powder was conducted at Universitas 
Pertamina in 2019. The essential oil was extracted 
by two methods which were the steam distillation 
and the simple distillation methods as described in 
previous reports [6], [7], [8]. The steam distillation 
and the simple distillation was carried out in 250 
mL-steam distillation unit with n-hexane and ethyl 
acetate as solvents. The distillation time for the 
steam distillation technique tested in this research 
was 3, 4, 5, and 6 hours, while the extraction time 
via the simple distillation was 6 h. All distillation 
times were measured from the first drop of essential 
oil until the heating was turned off. 
The essential oils of the cardamom were done 
by gas chromatography-mass spectrometry (GC-
MS). The system had a gas chromatograph and 
equipped by a mass spectrometer (TraceGoldTM 
1310) with TG-1MS fused silica capillary tubes 
columns (length 30 m; ID 0.25 mm; film thickness 
0.25 m). The spectra were obtained by the 
following conditions: carrier gas, He with a flow 
rate of 1 ml/min; the split ratio was 1:40; injection 
volume was 1 µL, injection temperature was 250 
°C; oven temperature was 50 °C, it increased at a 
rate of 10 °C/min to 280
 
°C and held at 230 °C 
for 1 min then 280 °C for 10 min; ionization 
mode, electron energy was at 70 eV, emission 
current was 50 µA. 
Fourier transform infra-red spectroscopy 
(FTIR) analysis was performed using Thermo 
Scientific, Nicolet IS5 with iD5 ATR mode. 
Essential oils were piped into the sample holder.  
The spectra were obtained in the spectral region 
4000 to 500 cm
-1 




■ Results and Discussion 
The work was carried out by comparing two 
different methods which are the steam distillation 
and the simple distillation methods at different 
parameters condition to obtain a maximum yield 
of essential oil. 
Effect of solvent on yield 
Effect of solvent on the extraction yield of 
Java Cardamom at 200-250 °C for 6 hours shown 
in Table 1. From the graph, it can be concluded 
that ethyl acetate and n-hexane solvents gave 
similar yield in the steam distillation and the 
simple distillation methods. Also, it was observed 
that from Table 1, the extraction yield of the oil 
by the simple distillation method was found to be 




Table 1. Extraction yield of essential oil comparing using 
three extraction techniques in two different solvents at 200-
250 °C for 6 hours 
Extraction Method 
Extraction Yield (% w/w) 
Ethyl Acetate n-hexane 
Simple Distillation 5.9 6.3 
Steam Distillation 5.6 5.6 
 
Effect of extraction time on yield 
The extraction time was varied to examine 
the effect of time on the yield of essential oil 
from Java Cardamom. Figure 1 shows the yield 
of the extracted oil at different extraction times 
using the steam distillation method in n-hexane at 
300-315 °C. The steam distillation was performed 
rather than the simple distillation due to its ability 
to purify the temperature sensitive compound 
inside the cardamom. It was found that the 
The Optimization of Essential Oil Extraction from Java Cardamom  
 
 
J. Trop. Pharm. Chem. 2020. Vol 5. No. 2.    
p-ISSN: 2087-7099; e-ISSN: 2407-6090 
127
essential oil yield was low at 3-4 h of distillation 
times, increased at 5 h, and reached the highest 
yield at 6 h. In this case, the extraction yield 
increased with time, however, further research is 
needed to examine the effect of distillation time 
above 6 h. 
Analysis of GC-MS and FTIR spectrum 
Essential oils from the Java Cardamom with 
the steam distillation method are analyzed by GC-
MS to analyze the constituents which are present in 
the oil in different extraction times. The five 
components identified from the essential oil of Java 
Cardamom are eucalyptol or 1,8 Cineole, 
camphene, terpinen-4-ol, a-terpinol, terpynil 
acetate, and eugenol. The constituents and their 
percentages are summarized in Table 2. 
The analysis of the results shows that the 
chemical composition of the essential oils is 
different in each extraction time. The essential oil 
obtained at 3 hours of extraction time gives 
eucalyptol (33.65 %) and camphene (23.40 %) as 
the major constituents. The later fractions are rich 
in Eucalyptol giving the percentage of 90.89 % and 
93.74 % at 4 and 5 hours of extraction times 
respectively. At 6 hours, camphene (52.98 %) is 
detected as the primary component. Overall, the 
result shows that eucalyptol and camphene are 
the key compounds in all samples.   
Our findings were quite different with the 
report by Xue Feng et al showing that camphene 
(0.2 %) was a minor constituent in the essential 
oil of the Amomum compactum extracted by 
microwave-assisted hydrodistillation technique 
[4]. In this work, high percentages of camphene 
(Table 2) were obtained by the steam distillation 
method at 3 h and 6 h of extraction times. 
Camphene is a monoterpene whose empirical 
formula is C10H16 [9] that can be anti-oxidant 
[10], anti-fungi [11], pain reliever [12], and lipid-
lowering agent [13]. It is present in numerous 
plant such as sage and lavender. The presence of 
eucalyptol and camphene was consistent with the 
FTIR spectrum (Figure 2) as the peaks at 1100 – 
1200 cm
-1
 and 2950 cm
-1
 corresponding to the 
ether group of eucalyptol and aliphatic 











The Optimization of Essential Oil Extraction from Java Cardamom  
 
 
J. Trop. Pharm. Chem. 2020. Vol 5. No. 2.    
p-ISSN: 2087-7099; e-ISSN: 2407-6090 
128
Table 2. The essential oil composition of the Java Cardamom essential oils of Java Cardamom in different extraction times via 
GC-MS analysis 
Retention Time (min) Compounds 
Area percent (%) 
3 hours 4 hours 5 hours 6 hours 
7.34 Eucalyptol  33.65 90.89 93.74 11.52 
11.97 Camphene  23.40 5.35 3.32 52.98 
9.57 Terpinen-4-ol 9.14 1.41 1.24 7.51 
9.57 α-terpinol 6.75 1.40 1.22 14.49 
11.53 Terpynil Acetate 11.43 0.58 0.40 5.16 
12.07 Eugenol 15.63 0.37 0.08 8.33 
 Total 100 100 100 99.99 
 
 
Figure 2. FTIR Spectrum of the cardamom essential oil that confirms the presence of eucalyptol and camphene as the peaks at 





In present work, essential oils of the Amomum 
compactum were successfully extracted by steam 
and simple distillation methods at various 
extraction times. Among all these experiments, 
steam distillation at 6 h of extraction time using n-
hexane solvent gave the highest percentage yield. 
Extraction time has been shown to effect on 
essential yield and composition. Moreover, 
evidence from GC-MS and FTIR analysis showed 
that eucalyptol and camphene were the main 
compounds in the oil. 
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